Background: Various surgical options are used for the treatment of ulnar nerve entrapment at the elbow. In this study, anterior trans-muscular transposition of the ulnar nerve was used for the treatment of cubital tunnel syndrome. Objectives: To evaluate the surgical results of anterior trans-muscular transposition technique for the treatment of cubital tunnel syndrome with particular emphasis on clinical outcome. Methods: Forty patients with cubital tunnel syndrome were operated using anterior trans-muscular transposition technique. Patients were classified into post-operative clinical outcome grades according to the Wilson & Krout criteria, and they were followed up by visual analog scale (VAS), the Disability of Arm Shoulder and Hand (DASH) questionnaire, electrophysiological study, and post-operative clinical evaluation. Results: Forty patients with cubital tunnel syndrome who underwent anterior trans-muscular transposition of the ulnar nerve show a significant clinical improvement at 24 months post-surgery regarding visual analog scale (VAS), the Disability of Arm Shoulder and Hand (DASH) questionnaire, electrophysiological study, and the Wilson & Krout grading as 87.5% of the patients recorded excellent and good outcome. Conclusion: Anterior transmuscular transposition of the ulnar nerve is a safe and effective treatment for ulnar nerve entrapment at the elbow.
Introduction
Cubital tunnel syndrome is one of the common nerve entrapment neuropathies, second to carpal tunnel syndrome. The ulnar nerve is under a considerable amount of stress due to its anatomic location and course at the elbow, from stretching and external contact [1] .
The syndrome is mainly characterized by numbness of the little and ring fingers, intrinsic hand muscle atrophy, and an inability to perform fine motor activity. In some patients, pain appears at the medial aspect of the elbow and radiates to the wrist and proximal forearm [2] .
Non-operative treatment is initiated when the diagnosis of ulnar entrapment at the elbow is first made through patient education and physical activity modifications intended to improve symptoms and to stop the progression of the disease. Patients with mild to moderate signs of compression are likely to benefit from conservative treatment [3] .
Surgical treatments are recommended for patients who have not responded to non-surgical intervention that includes simple decompression, in which Osborne's band can be released using either open or endoscopic surgical methods, medial epicondylectomy, and anterior transposition of the ulnar nerve by intramuscular, submuscular, or subcutaneous placement of the nerve. Studies reported that no certain surgical method has encouraging outcomes, so in patients with an advanced stage of cubital tunnel syndrome, anterior transposition of the ulnar nerve should be considered as it can release the nerve and resolve the dynamic factors involved in cubital tunnel syndrome [4] [5] [6] [7] [8] .
The purpose of this study is to evaluate the surgical results of anterior trans-muscular transposition of the ulnar nerve for the treatment of cubital tunnel syndrome with particular emphasis on clinical outcome.
Methods
Forty patients were diagnosed clinically with cubital tunnel syndrome with the presence of symptoms of numbness and paresthesia in the little finger, tingling or electric-like shock in the sensory distribution of the ulnar nerve (+ve Tinel's sign), and percussion of the cubital tunnel. Motor function was tested by checking finger abduction and flexor digitorum profundus strength for the little finger. Muscle wasting or atrophy was examined at first dorsal interosseous muscle. All patients were collected in the period from October 2014 to December 2016 from the outpatient clinic of Neurosurgery and Physical Medicine, Rheumatology and Rehabilitation Department at Menoufia University hospitals. The study included both sexes. Their age ranged from 28 to 48 years. All patients were from the Menoufia governorate. The research protocol was approved by the ethical committee of the Faculty of Medicine, Menoufia University. An informed written consent was obtained from each patient.
Other causes of upper limb pain and numbness are ulnar nerve entrapment against Guyon's canal and a double crush lesion, such as cervical spondylopathy or thoracic outlet syndrome; patients with revision surgery and those with any systemic illness that causes polyneuropathy were excluded.
All patients were subjected to demographic data recording, history taking, and clinical examination including clinical grading by McGowan preoperative grading system [9] in which patients of the study group were classified into three clinical grades: grade I, had no muscle weakness; grade II, had muscle weakness but no atrophy; and grade III, had muscle wasting. Assessment of pain regarding visual analog scale (VAS) [10, 11] and assessment of function via the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire that is a selfadministered region-specific outcome instrument to measure upper-extremity disability and symptoms [12] were performed. The DASH consists mainly of a 30item disability/symptom scale, scored 0 (no disability) to 100, and electrophysiological study was used. All patients were subjected to examinations of motor conduction velocity (MCV) 2 cm below the elbow (MCV1) and 2 cm above the elbow (MCV2). We consider conduction block or slowing more than 10-11 m/s across the elbow compared with the forearm segment in the flexed elbow position significant for ulnar neuropathy at the elbow.
Postoperatively, all patients were graded according to the Wilson & Krout criteria [13] : patients with minimal sensory and motor deficits and no tenderness at the incision site were graded excellent, patients with a mild deficit but occasional ache or tenderness at the incision or osteotomy site were graded good, patients with an improved but persistent deficit were fair, and those with no improvement or a worsened condition were poor [13] .
All this parameters were performed for all patients before and at 24 months post-surgery for follow-up.
Surgical technique
All patients were operated under general anesthesia. Patient is placed in supine position, arm extended, abducted 90°at shoulder, and the palm is supinated. Eight to 10 cm longitudinal slightly curved incision is made just posterior to medial epicondyle; soft tissue is dissected to identify branches of medial antibrachial cutaneous nerve (MACN) branches that should be preserved to avoid painful neuroma. If a branch of MACN is inadvertently injured, the distal end is cauterized and transposed to the muscle bed away from the surgical scar. After exposure of flexor pronator mass, dissection continues proximally and distally. The ulnar nerve is better found posterior to the medial intermuscular septum which is splitted, then ulnar nerve is followed, and Osborn's ligament is cut to expose the ulnar nerve in cubital tunnel. The nerve is followed distally to completely freeing it between the two heads of flexor carpi ulnaris (FCU) muscle. Motor branches from ulnar nerve to FCU muscle should be preserved and neurolysed to facilitate ulnae nerve transposition without kinking points.
A step lengthening incision is made in the facia of the flexor pronator mass, and facial flaps are elevated. A transmuscular tunnel is created through flexor pronator mass. The ulnar nerve is transposed anteriorly within the transmuscular tunnel without any acute angles or kinking points. The ends of the facial flaps are then loosely re-approximated over the ulnar nerve keeping the nerve in its new place. Good hemostasis is achieved through closure of the wound in layers with closed suction drain. Bandage is used to keep the elbow flexed at 90°, forearm pronated, wrist is kept in neutral position, and limb is supported by arm to neck sling. Drain is removed when the output is less than 30 ml in 24 h. Patients are instructed for an early range of motion for hand, wrist, elbow, and shoulder.
The follow-up was done at 24 months post-surgery regarding clinical and electrophysiologic improvement.
Results
Forty cases of cubital tunnel syndrome were operated; 23 (57.5%) were males and 17 (42.5%) were females. Age ranged between 28 and 48 years with a mean age of 38.5 ± 10.00 years (Table 1 ) (Additional file 1).
In the present study, there was a statically significant improvement of pain in the distribution of ulnar nerve at the medial aspects of the forearm, hand, and the little finger and statically significant improvement of function regarding DASH questionnaire in patients of the study group at 24 months post-surgery compared to pre-operative parameters, p = 0.001 ( Table 2 ) (Additional file 2).
Our study revealed a statically significant improvement of motor nerve conduction velocity of the ulnar nerve across the elbow in the patients of the study group after surgery compared to pre-operative measures as the conduction velocity difference between below elbow and above elbow was 6.38 ± 2.22 and after surgery less than 11, that means no conduction block across elbow after surgical procedure (Table 3 ) (Additional file 3) ( Figs. 1 and 2) .
There was an obviously significant clinical improvement in the patients of the study group at 24 months post-surgery regarding Wilson & Krout grading, as 65% of patients recorded excellent grade, 22.5% good, and 12.5% fair, compared to pre-operative results regarding McGowan grading systems, as pre-operative data was 20% of patients were G1 (with only sensory manifestations), 67.5% of patients were G2 (with muscle weakness), and 12.5% of patients were G3 (with muscle wasting) ( Table 4 ) (Additional file 4).
Discussion
In the present study, there was a statically significant improvement of pain in the distribution of ulnar nerve at the medial aspects of the forearm, hand, and the little finger and statically significant improvement of function regarding the DASH questionnaire in patients of the study group at 24 months post-surgery compared to the preoperative parameters.
Our study revealed a statically significant improvement of conduction velocity of ulnar nerve across elbow in the patients of the study group at 24 months after surgery compared to preoperative measures.
There was a significant clinical improvement of patients of the study group at 24 months post-surgery regarding the Wilson & Krout grading as 87.5% of the patients recorded excellent and good.
Our results are consistent with the Frantz et al. [14] study as they reported that the ulnar nerve anterior transmuscular transposition in the lateral decubitus position is a good surgical option for primary or recurrent cubital tunnel syndrome and remains the preferred procedure. The overall patient satisfaction rate was 92%, with statistically significant improvements in ulnar sensation and intrinsic strength at short-and long-term follow-up.
In the same line, Novak [15] and his colleague reported that 61% of patients who underwent anterior trans-muscular transposition of the ulnar nerve procedures reported improvement. Postoperative symptoms were significantly less than those preoperatively regarding pain, cold sensitivity, tingling, and numbness, p = 0.08. In 51% of the cases, patients reported normal sensation, and in 45% of cases, patients reported normal strength.
Stuebe [16] and his colleague also reported that the long-term patient follow-up suggests that the ulnar nerve transposition can facilitate the return of intrinsic muscle mass and function among patients with cubital tunnel syndrome.
Huang et al. [2] and his colleague reported that the anterior subcutaneous transposition of the ulnar nerve is effective and safe for the treatment of moderate to severe cubital tunnel syndrome, as it can lead to good outcomes regarding the pain score (VAS) and the disability score (DASH) that were reduced significantly. Also, they concluded that both preoperative and postoperative electrophysiological values help predict the functional outcome of surgery and that most patients achieved post-surgical excellent/good outcomes with low complication rate. On the other hand, Capo and his team [17] in their study compared subcutaneous anterior transposition versus decompression and medial epicondylectomy for the treatment of cubital tunnel syndrome, and they reported that the results do not indicate a difference between the outcomes of the patients undergoing either of the procedures, and as epicondylectomy is less technically demanding, with less soft tissue dissection of the nerve, it may be preferred over ulnar transposition.
Macadam et al. [18] in their study also compared subcutaneous and submuscular transposition of the ulnar nerve for cubital tunnel syndrome, and they found no statistically significant difference, but rather a trend toward an improved clinical outcome with transposition of the ulnar nerve as opposed to simple decompression.
Finally, the results of our study are based on an objective and subjective measures for evaluations of disease severity and surgical outcome, with average sample size and long-term follow-up period, without any complications, the surgical procedure conducted by one doctor, and with a single technique for more accurate results compared to other studies. 
